A rapid and simple technique was developed for conjugation between group N and group D streptococci by using cells entrapped within calcium alginate gel beads. With this method, the frequencies of transfer of lactose metabolism from Streptococcus lactis ME2 to S. lactis LM2302 were comparable to those achieved with agar surface matings. Conjugal transfer of the chloramphenicol and erythromycin resistance plasmid pVA797::Tn917 from S. faecalis V1229 to S. faecalis V1102 in alginate beads occurred at frequencies comparable to those achieved with filter matings. The results demonstrated efficient conjugal transfer of plasmid DNA among alginate-immobilized streptococcal cells and suggested that this method could be used as an alternative to conventional solid-surface and filter matings with these organisms.
Bacterial conjugation has served as an important tool in the study of plasmid biology in the group N streptococci since this means of genetic exchange was first reported in these organisms by Kempler and McKay (7) . Certain clumping strains of lactic streptococci mate successfully in broth (5, 19) ; however, many conjugative strains do not display the clumping phenomenon and do not mate efficiently in broth. Therefore, cells are placed on a solid surface to promote physical contact between donors and recipients (10) . The method most commonly used for conjugation in the group N streptococci is the agar surface technique (10) . Filter matings are also frequently used (1, 6, 12) . Plasmid-encoded phenotypes which have been successfully transferred include lactose-fermenting ability (2, 5, 7, 8, 10, 15, 19) , bacteriocin production (12, 13) , nisin production and resistance (4, 8, 9, 16) , sucrose metabolism (4, 16) , antibiotic resistance (6) , and resistance to bacteriophages (1, 8, 9, 14, 17) . Undoubtedly, bacterial conjugation will continue to play an important role in the emerging field of plasmid biology in the group N streptococci.
In this study, we report a method for conjugation between streptococcal cells entrapped within calcium alginate gel beads. The strains used are shown in Table 1 . Bead conjugations were performed in the following manner. Overnight cultures of donors and recipients were inoculated (at a concentration of 1%) into broth, propagated for 7 h at 30°C (37°C for Streptococcus faecalis strains), and then mixed at the desired donor/recipient ratio. The mating mixture was blended with a sterile solution of alginic acid (type IV sodium salt; Sigma Chemical Co., St. Louis, Mo.; autoclaved at 121°C for 15 min) by vortexing at a low speed for 2 to 3 s. Beads were formed by the dropwise addition of the alginate-cell mixture to 5 ml of sterile 100 mM calcium chloride (CaCl2) in distilled water by using a sterile cottonplugged Pasteur pipette held 5 cm above the CaCl2 surface.
A total of 45 beads were formed from approximately 1.5 ml of the alginate-cell mixture. The beads were allowed to cure for 15 min before the CaCl2 was removed with a sterile pipette. The beads were rinsed twice with sterile peptone water (0.1% Bacto-Peptone; Difco Laboratories, Detroit, Mich.) and then suspended in 5 ml of growth medium. At the end of the mating period, the growth medium was removed, and the beads were rinsed twice with sterile peptone water. Cells were recovered from the beads by the addition of 5 ml of 100 mM disodium EDTA and intermittent vortexing at a high speed for 5 to 10 min until the beads were completely disrupted. The cells were pelleted by centrifugation and resuspended in 5 ml of sterile peptone water. Appropriate dilutions were plated on selective media, either lactose indicator agar (11) containing 1,000 jig of streptomycin per ml for S. cremoris M43a recipients or 1,000 ,ug of streptomycin and 15 ,ug of erythromycin per ml for S. lactis LM2302 recipients or brain heart infusion agar plates containing 1,000 ,ug of streptomycin , 250 ,ug of spectinomycin, and 15 ,ug of chloramphenicol per ml for S. faecalis V1102 recipients. Selected transconjugants from each successful mating were subjected to phenotypic and plasmid analyses to confirm their identity and assure physical transfer of the appropriate conjugative plasmids from donor to recipient strains.
S. lactis ME2 (donor) and S. lactis LM2302 were used to determine the optimal condition of mating. The parameters investigated were donor/recipient ratio, initial cell concentration in the alginate beads, alginate concentration, mating medium, and mating time. Of these parameters, the cell or alginate concentration and donor/recipient ratio did not greatly affect the frequencies of conjugal transfer of Lac' from donor to recipient (data not shown). Frequencies increased slightly over a donor/recipient ratio range of 1:1 to 1:5. Alternatively, frequencies decreased slightly as both cell and alginate concentrations were increased. The optimal cell concentration appeared to be 10%, while the optimal alginate concentration was 1%. For determination of optimal mating time, matings were performed, and transconjugants were enumerated every 2 h. There was a four-log-cycle increase in transfer frequencies over the first 4 h, after which frequencies only increased by 40% over the next 14 h. It appeared that the conjugation process may have been complete after 4 h, after which there was some growth of the transconjugants, resulting in the slight increase in transfer frequencies.
The parameter which had the greatest effect on the conjugation process was the mating medium used ( Table 2 ). The superior medium was 11% reconstituted skim milk plus 1% glucose. The use of milk-glucose agar resulted in a three-logcycle increase in transfer frequencies over those obtained in We thank Artemus Scandalios for her excellent technical assistance in portions of this work.
